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Protocol
========

1. Perfusion of the Liver
-------------------------

1.  Anesthetize an adult male Sprague-Dawley rat (at 10 to 15 weeks-old; body weight 150-200 g) by an intraperitoneal injection of a sodium pentobarbital solution (50 mg sodium pentobarbital / kg body weight).

2.  Place the animal in a stainless pan and spray 70% ethanol onto its abdomen and thorax.

3.  Make a small cut and peel off the skin. Open the abdomen by the cut with a pair of scissors.

4.  Confirm the location of portal vein, pass a surgical thread under the portal vein and loosely clump.

5.  Clump the distal part of the inferior vena cava and mesenteric vein to prevent blood reflux into the liver. Open the thoracic cavity by cutting the diaphragm with scissors, and expose the heart.

6.  Insert a plastic catheter (2 mm diameter) into the portal vein and tighten the thread firmly around the catheter.

7.  Connect the catheter to a perfusion system which is loaded with washing solution (Ca^2+^-Mg^2+^free HBSS containing 0.5 mM EGTA, 10 mM HEPES and 4.2 mM NaHCO~3~ ; pH 7.2) prewarmed at 37 °C.

8.  Begin perfusion *in situ* at a rate of 10 ml/min. At the same time, make a cut in right atrium wall. Continue perfusion for 10 min.

9.  Switch the perfusion solution to collagenase solution \[HBSS containing 10mM HEPES and 4.2mM NaHCO~3~supplemented with Type I collagenase (0.05%) and trypsin inhibitor (50 μg/ml); pH 7.5\], and perfuse for 10 - 20 min at a rate of 10 ml/min until the liver slightly swells and shows the sign for disintegration of the liver structure under serous membrane.

2. Preparation of Parenchymal Hepatocyte-rich Cell Fraction
-----------------------------------------------------------

1.  Remove and carefully transfer the liver into a sterile beaker containing 25 ml of collagenase solution. Mince into small pieces by scissors.

2.  Add 75 ml of cold MEM into the resultant cell suspension. After gentle pipetting, filtrate through a cell strainer (100 μm)to remove connective tissues and undigested tissue fragments.

3.  Transfer the filtrate into 50 ml conical tubes and centrifuge at 50 x g for 1 min at 4°C (brake off).

4.  Carefully discard the supernatant. Resuspend the pellet with cold MEM.

5.  Repeat 2.4) three times.

3. Mixed Primary Culture of Liver Cells
---------------------------------------

1.  Suspend the cells obtained in 2.5) in the growth medium composed of DMEM containing 10% heat inactivated FCS, supplemented with 100 μM β-mercaptoethanol, 10 μg/ml insulin, 100 μg/ml streptomycin and 100 U/ml penicillin, and seed into five to ten tissue culture flasks (surface area: 75 cm^2^) at a density of 6.7 x 10^4^cells / cm^2^(5 x 10^6^cells / flask / 12 -15 ml of medium).

2.  Incubate the culture flasksat 37°C in an atmosphere of 5% CO~2~- 95% air.

3.  Replace the growth medium every 2 to 3 days intervals.

4. Selective Isolation of Macrophages
-------------------------------------

1.  After 12 days of culture, macrophages proliferate on the cell sheet. These cells are suspended by reciprocal shaking of the culture flasks at 80 - 120 strokes per minute for 30 min at 37 °C.

2.  Transfer the culture medium into 100 mm non-tissue culture grade plastic dishes. Pool the medium from two T75 flasks into one plastic dish. Refill culture flasks with the growth medium and return them to the incubator.

3.  Incubate plastic dishes for 30 min at 37 °C in an atmosphere of 5% CO~2~- 95% air. Macrophages readily attach to non-tissue culture grade plastic dishes under this incubation process, whereas other contaminating cells do not.

4.  Aspirate the medium and gently rinse the plastic dish with PBS. Repeat this step three times.

5.  Add 1 ml of TrypLE Express solution into the dish, and incubate for 10min at 37 °C in an atmosphere of 5% CO~2~- 95% air.

6.  Add 9 ml of the growth medium. Gently scrape off the attached macrophages by a cell scraper.

7.  Transfer the cell suspension into a 15 ml conical tube and centrifuge at 180 x g for 5 min at 25°C (brake on).

8.  Discard the supernatant and add 1 ml of the growth medium. Dissociate into single cells by vigorous pipetting. Enumerate the cell number by a hemocytometer-counting.

9.  Isolation steps can be repeated with the same culture flasks at two to three day intervals for more than two weeks.

10. Isolated macrophages can be cultured in the growth medium described in 3.1.

5. Representative Results
-------------------------

An example of a mixed primary culture of adult rat liver cells is shown in Figure 2. Parenchymal hepatocytes lose the epithelial cell morphology within a few days in culture, degenerate or transform into fibroblast-like cells. Then, around day 6 to 12, phase contrast-bright, round macrophage-like cells vigourouly proliferate on the fibroblastic cell sheet. By shaking of the culture flasks, macrophages are readily suspended into the culture medium, and subsequent transfer and incubation in plastic dishes result in selective adhesion of macrophages(Figure 3). The macrophage-like cells can be harvested as early as day 8, and the numbers reached maximal levels on days 12 to 14. More than 10^6^cells can be harvested from a T75 culture flask repeatedly at 2 to 3 day intervals for more than two weeks, enabling a total cell yield per flask of 10^7^ per T75 culture flask (Figure 3). The purities of the isolated macrophages were 95 to 99%, as evaluated by flowcytometry or immunocytochemistry with rat macrophage-specific antibodies,such as ED-1 (Figure 4), ED-3, OX-41 (Figure 4) and Iba1^9^.The isolated cells show typical characteristics of macrophages, such as active phagocytosis of polystylene beads (Figure 5), proliferative response to recombinant GM-CSF, secretion of inflammatory/anti-inflammatory cytokines upon stimulation with LPS, and formation of multinucleated giant cells^9^.

**Figure 1.** A scheme for selective isolation and purification of macrophage-like cells from mixed primary culture of rat liver cells.

**Figure 2.** Primary culture of rat liver cells and proliferation of macrophage-like cells. Arrow indicates a multinuclear giant cell. Scale bar = 100 μm. Reprinted from the Journal of Immunological Methods, Vol.360, 47-55 (2010) ^9^ with permission from Elsevier.

**Figure 3.** Selective isolation of macrophage-like cells by the shaking and attachment method. Cells were suspended into the culture medium by shaking the flasks, subsequently transferred into non-tissue culture grade plastic dishes, and incubated at 37 °C. As early as 10 min after plating, macrophage-like cells attached to the dish surface, while other contaminating fibroblastic cells remained suspended. After rinsing with PBS, a highly purified macrophage population was obtained. These cells gained typical macrophage morphology after 40 min of culture, and mitotic cells were frequently observed (arrows). Subsequent changes in cell numbers recovered from flasks at different culture periods are shown. Values are an average±SD from three to five flasks. Experiments were repeated three times and data are indicated by different symbols. Scale bar =100 μm. Reprinted from the Journal of Immunological Methods, Vol.360, 47-55 (2010)^9^ with permission from Elsevier.

**Figure 4.** Immunocytochemical staining of macrophage-like cells with monoclonal antibodies against rat macrophages.

**Figure 5.** Phagocytosis of FITC-labeled microbeads by macrophage-like cells.

Discussion
==========

Here, we report a simple and efficient method to obtain macrophages from the mixed primary cultures of adult rat liver cells. Our method relies first on the novel proliferative activity of macrophages in the mixed culture of rat liver cells, and then subsequent isolation and purification of these cells on the basis of their biological characteristics as macrophages^9^. It may be possible the macrophages proliferated in the mixed primary culture of adult liver cells might have originated from Kupffer or related cells that contaminated into the parenchymal hepatocytes fraction. The macrophages might have responded to specific environmental changes caused by transformation of parenchymal hepatocyte^10^ and other fibroblastic cells in the mixed primary cultures.

In conclusion, our method provides isolation of macrophage-like cells in sufficient number and purity from the primary culture of rat liver cellswithout using sophisticated equipment and technical skills. In addition, the isolation procedure can be repeated with the same culture flask for more than two weeks. This method might be applicable to other mammalian species.
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